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Abstract.
This paper is devoted to the derivation of realistic laws relating the distribution functions of reflected and incoming particles

at the wall. A polyatomic scattering kernel is derived using an integral operator formalism. Physically, a concept of partial
accommodation was employed in the kernel derivation in agreement with different accommodation processes of the three
momentum components and of the various energy modes.

1. INTRODUCTION

Realistic laws relating, at the wall, the distribution functions of incoming and reflected particles are needed as boundary
condition to resolve the Boltzmann equation [1, 2, 3, 4]. Moreover, in the moderately rarefied regime these laws also
allow to obtain more correct velocity slip and temperature jumps at the wall and to broaden the validity domain of
the continuum approaches. In this topic, a polyatomic kernel is derived here from spectral properties of its associated
integral operator using a well known scattering kernel formalism [5, 6, 3] The molecules are considered as provided
with internal structure involving rotational and vibrational modes and are possibly in a strong nonequilibrium state
concerning the vibrational degree of freedom.

The eigenvalues of the linear integral operator so considered depend on five parameters appearing in the kernel
expression. These five parameters are shown to be equal to the accommodation coefficients of various fluxes at the wall,
namely: the fluxes of the three components of momentum and the fluxes of rotational and vibrational energies of the
molecules. The kernel involves a part obtained in another papers about atom-like molecules [7] and so also allows the
modelling of anisotropic behaviors of reflecting surfaces. Finally, under its form completely developed the scattering
kernel appears as a linear combination of32 partial kernels describing all the possible associations of, respectively,
diffuse or specular processes (according to three directions) and elastic or inelastic processes (for the internal modes).
The32 coefficients of this combination are related to the32 different eigenvalues of the integral operator, and depend
only on the five basic accommodation coefficients. As result, in addition to the interplay between the momentum
components included in the kernel of unstructured molecules, the polyatomic model also allows interplay between
the different energy modes. The introduction of such interplays could be a partial reply to recent criticisms recently
formulated about the scattering kernel formalism [8].

2. POLYATOMIC SCATTERING KERNEL DERIVATION.

We consider the problem of finding the scattering kernelB(V ′,Eir ′ ,Eiv′ ,gir ′ ,V,Eir ,Eiv,gir ) governing the reflection
of polyatomic molecules at the wall.V ′ is the velocity of the impinging gas particle referred to the wall,V ′ =
(V ′

x,V
′
y,V

′
z) ∈ {Ω′ = Ω′

x×Ω′
y×Ω′

z = R− ×R×R} andV the velocity of the reflected one referred to the wall,
V = (Vx,Vy,Vz) ∈ {Ω = Ωx×Ωy×Ωz = R+×R×R}. These velocities reduce to the peculiar velocities when the
slip velocity at the wall is neglected.VR is defined asVR = (−Vx,Vy,Vz). (x,y,z) are the three spatial coordinates withx
the normal axis to the wall oriented from the wall toward the gas.Eir ′ andEiv′ are respectively the rotational energy and
the vibrational energy of an incident particle at the wall. SimilarlyEir andEiv are respectively the rotational energy and
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the vibrational energy of a reflected particle at the wall. Then the subscriptsir andiv are the quantum numbers related
to the internal energy of a particle, hence they are integers;gir is the weight of the rotational degeneracy and will be
taken here equal to(2ir +1). The kernelB, which is the density of probability that a molecule in a state(V ′,Eir ′ ,Eiv′)
hitting the wall at any pointX of the wall is reflected at the same point in a state(V,Eir ,Eiv,), must satisfy the following
conditions of non-negativity, normalization, and of reciprocity [3, 1, 2]:

B(V ′,Eir ′ ,Eiv′ ,gir ′ ,V,Eir ,Eiv,gir )≥ 0 , (1)

∑
ir,iv

∫

Ω
B(V ′,Eir ′ ,Eiv′ ,gir ′ ,V,Eir ,Eiv,gir )dV = 1 , (2)

|V ′
x|e

− ‖V′‖2
C2

w e−εir ′e−εiv′gir ′B(V ′,Eir ′ ,Eiv′ ,V,Eir ,Eiv) =

Vxe
− ‖V‖2

C2
w e−εir e−εivgir B(−V,Eir ,Eiv,−V ′,Eir ′ ,Eiv′) ; (3)

whereεir andεiv are the dimensionless energies :εir = Eir
kTw

, εiv = Eiv
kTw

, with k the Boltzmann constant andTw the wall
temperature.

2.1. Analytical derivation from integral operator

Let us write the transformation

K(V,Eir ,Eiv,gir ,V
′,Eir ′ ,Eiv′ ,gir ′) = [|V ′

x | f0(V ′,Eir ′ ,Eiv′)]
1
2 [|Vx | f0(V,Eir ,Eiv)]

−1
2 (4)

B(V ′
R,Eir ′ ,Eiv′ ,gir ′ ,V,Eir ,Eiv,gir )

where f0(V,Eir ,Eiv) is the local equilibrium distribution function at the temperatureTw of the wall, defined by:

f0(V,Eir ,Eiv) =
n

(Cw
√

π)3
e
− ‖V‖2

C2
w

gir e−εir e−εiv

QrQv
(5)

with

Qr = ∑
ir

gir e
−εir , Qv = ∑

iv
e−εiv , C2

w =
2kTw

m
. (6)

Since f0 is a known function the problem of findingB is equivalent to findingK. The normalization condition and the
non-negativity conditions onB imply obviously the same conditions onK.

NoteFr the set of the rotational energy statesEir , andFv the set of the vibrational energy statesEiv. Consider the
five elementary Hilbert space of statesL2(Ωκ)κ=x,y,z, L2(Fr), andL2(Fv) of square summable functions with their
corresponding usual scalar product

< ϕκ1,ϕκ2 >κ =
∫

Ωκ ϕκ1(V)ϕκ2(V)dV , ϕκ1,ϕκ2 ∈ L2(Ωκ) , κ = x,y,z
< ϕr1,ϕr2 >r = ∑ir ϕr1(Eir )ϕr2(Eir ) , ϕr1,ϕr2 ∈ L2(Fr)
< ϕv1,ϕv2 >v = ∑iv ϕv1(Eiv)ϕv2(Eiv) , ϕv1,ϕv2 ∈ L2(Fv)

Consider The tensor product£ = L2(Ωx)⊗L2(Ωy)⊗L2(Ωz)⊗L2(Fr)⊗L2(Fv) of the five Hilbert spaces of states.
let us remark that this tensor product of Hilbert space£ is dense in the Hilbert spaceH = L2(Ω)⊗L2(Fr)⊗L2(Fv)
where the scalar product is defined by

< ϕ1,ϕ2 >= ∑
ir,iv

∫

Ω
ϕ1(V,Eir ,Eiv)ϕ2(V,Eir ,Eiv)dV , ϕ1,ϕ2 ∈ H . (7)
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Instead of studying the problem of the kernelK, we study the linear integral associated operatorA defined onH by

A(ψ) = ∑
ir ′,iv′

∫

Ω′
K(V,Eir ,Eiv,gir ,V

′,Eir ′ ,Eiv′ ,gir ′)ψ(V ′,Eir ′ ,Eiv′ ,gir ′)dV ′ (8)

Assume that the operatorA has a purely discret spectrum, and assume that its eigenfunctions are all in the Hilbert
space£. The kernelK can be written on the form:

K =
∞

∑
jx, jy, jz, jr , jv=0

λ jx, jy, jz, jr , jvψ jx(Vx)ψ jy(Vy)ψ jz(Vz)ψ jr (Eir )ψ jv(Eiv) (9)

ψ jx(V
′
x)ψ jy(V

′
y)ψ jz(V

′
z)ψ jr (Eir ′)ψ jv(Eiv′)

where the functionsψ jx(Vx)ψ jy(Vy)ψ jz(Vz)ψ jr (Eir )ψ jv(Eiv) are the eigenfunctions ofA with their corresponding
eigenvaluesλ jx, jy, jz, jr , jv. According to the non-negativity and the normalization conditions, the eigenvalues must
satisfy λ jx, jy, jz, jr , jv ∈ [0,1] for all jx, jy, jz, jr , jv ∈ N . Moreover, one can see that, on the tensor product space£,
the scalar product (7) equals the scalar product defined on this tensor product space£ by the product of the five
elementary scalar products (7). So, we can suppose that the eigenvalues have the formλ jxλ jyλ jzλ jr λ jv and that the set
of functionsψ jχ (Mχ ), jχ ∈ N, is a function basis of theχ corresponding Hilbert space,χ = x,y,z, r,v. Therefore, the
expression (9) can be written as a product of five infinite sums:

K = ∏
χ∈{x,y,z,r,v}

∞

∑
j=0

λ jχ ψ jχ (Mχ)ψ jχ (M′
χ) , Mχ = Vx,Vy,Vz,Eir ,Eiv . (10)

Defineψ0 = ψ0xψ0yψ0zψ0r ψ0v by

ψ0x(Vx) =
√

2
Cw

|Vx |
1
2 e

−V2
x

2C2
w , ψ0y(Vy) = (Cw

√
π)

−1
2 e

−V2
y

2C2
w ,

ψ0z(Vz) = (Cw
√

π)
−1
2 e

−V2
z

2C2
w , ψ0r (Eir ) =

√
gir

Qr
e−

1
2εir , ψ0v(Eiv) =

e−
1
2εiv

√
Qv

.

Let us prove thatψ0, is an eigenfunction ofA. Mathematically, the normalisation condition can be also written

∑
ir ′,iv′

∫

Ω′
B(−V,Eir ,Eiv,gir ,−V ′

R,Eir ′ ,Eiv′ ,gir ′)dV ′ = 1 , (11)

from this relation (11), the reciprocity relation (3) leads to:

∑
ir ′,iv′

∫

Ω′
|V ′

x | f0(V ′,Eir ′ ,Eiv′)B(V ′
R,Eir ′ ,Eiv′ ,gir ′ ,V,Eir ,Eiv,gir )dV ′ =|Vx | f0(−V,Eir ,Eiv) . (12)

Using the relation (12), the calculation ofA(ψ0) gives A(ψ0) = ψ0 . Consequentlyψ0 = ψ0xψ0yψ0zψ0r ψ0v is an
eigenfunction of the operatorA associated to the eigenvalue1.

Now, following the five microscopic state parameters, let us introduce five parameters related to the eigenvalues as
follows: λ0χ = 1, and for j 6= 0, λ jχ = (1−αχ) for all χ = x,y,z, r,v. The relation (10) becomes

K = ∏
χ∈{x,y,z,r,v}

[ψ0χ (Mχ)ψ0χ (M′
χ)+(1−αχ)

∞

∑
j=1

ψ jχ (Mχ)ψ jχ (M′
χ)] (13)

which may be written

K = ∏
χ∈{x,y,z,r,v}

[αχ ψ0χ (Mχ)ψ0χ (M′
χ)+(1−αχ)

∞

∑
j=0

ψ jχ (Mχ)ψ jχ (M′
χ)] . (14)

Finally, using the following property

∞

∑
j=0

ψ jχ (Mχ)ψ jχ (M′
χ) = δ (Mχ −M′

χ) . (15)
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whereδ is the dirac function, it is obtained

K = {αxψ0x(Vx)ψ0x(V
′
x)+(1−αx)δ (Vx−V ′

x)}{αyψ0y(Vy)ψ0y(V
′
y)+(1−αy)δ (Vy−V ′

y)} (16)

{αzψ0z(Vz)ψ0z(V
′
z)+(1−αz)δ (Vz−V ′

z)}{αrψ0r (Vr)ψ0r (V
′
r )+(1−αr)δ (Vr −V ′

r )}
{αvψ0v(Vv)ψ0v(V

′
v)+(1−αv)δ (Vv−V ′

v)} .

Applying inversely the transformation (4), the operatorB corresponding to the kernelK above (relationship(16)) is

B(V ′,Eir ′ ,Eiv′ ,gir ′ ,V,Eir ,Eiv,gir ) = {(1−αx)δ (V ′
x +Vx)+αx

2Vx

C2
w

e
−V2

x
C2

w } (17)

{(1−αy)δ (V ′
y−Vy)+αy

1
Cw
√

π
e
−V2

y
C2

w }{(1−αy)δ (V ′
z−Vz)+αz

1
Cw
√

π
e
−V2

z
C2

w }

{(1−αr)δ (Eir ′ −Eir )+αr
gir

Qr
e−εir }{(1−αv)δ (Eiv′ −Eiv)+αv

1
Qv

e−εiv} .

In the further calculations, we will note the scattering kernel (17) simply

B = PxPyPzPrPv

wherePx,Py,Pz,Pr ,Pv corresponds respectively to the five factors of the expression (17). It would be seen that these
five factors satisfy

∫ +∞

0
PxdVx =

∫ +∞

−∞
PydVy =

∫ +∞

−∞
PzdVz = ∑

ir
Pr = ∑

iv
Pv = 1 . (18)

On the other hand when developing the expression (17) one obtains the kernelB as combination of32 elementary
kernels where the coefficients are functions of theαχ .

2.2. On the coefficientαχ

In this section we prove that the five coefficientsαχ involved in the scattering kernel equal respectively the
accommodation coefficients of the various fluxes of the five microscopic state parameters (Mχ = Vx,Vy,Vz,Eir ,Eiv).

The accommodation coefficientβχ of a physical propertyMχ at the wall is defined through the relation [3? ]:

βχ =
Φ−

χ −Φ+
χ

Φ−
χ −Φe

χ
. (19)

whereΦ−
χ is the incoming flux at the wall of the propertyMχ , Φ+

χ is the corresponding reflected flux, andΦe
χ is the

reflected flux in the hypothetical situation of perfect accommodation to the wall. These various fluxes are written:

Φ−
χ = ∑

ir ′,iv′

∫

Ω′
m|V ′

x|M′
χ f−(V ′,Eir ′ ,Eiv′ ,gir ′)dV ′ (20)

Φ+
χ = ∑

ir,iv

∫

Ω
m|Vx|Mχ f +(V,Eir ,Eiv,gir )dV (21)

where f− and f + are respectively the incident and the reflected distribution functions linked by the relation

|Vx | f +
i (V,Eir ,gir ,Eiv) =

∑
ir ′,iv′

∫

Ω′
|V ′

x | f−(V ′,Eir ′ ,gir ′ ,Eiv′)B(V ′,Eir ′ ,gir ′ ,Eiv′ ,V,Eir ,gir ,Eiv)dV ′ . (22)
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Accounting for (22), the reflected fluxΦ+
χ (expression (21))may be rewritten:

Φ+
χ = ∑

ir ′,iv′

∫

Ω′
m |V ′

x | f−(V ′,Eir ′ ,gir ′ ,Eiv′)[∑
ir,iv

∫

Ω
MχPxPyPzPrPvdV ]dV ′ (23)

and the reflected flux in the case of perfect accommodation is written

Φe
χ = ∑

ir ′,iv′

∫

Ω′
m |V ′

x | f−(V ′,Eir ′ ,gir ′ ,Eiv′)[∑
ir,iv

∫

Ω
MχBedV ]dV ′ (24)

whereBe the perfect accommodation scattering kernel is defined by

Be =
2gir

QrQvC4
wπ

Vxe
− ‖V‖2

C2
w e−εir e−εiv (25)

2.2.1. calculation ofβx

The normal accommodation coefficient is obtained by substitutingMχ =| Vx | in the definition (19). In this case,
accounting for the property (18) and the expression of the partial operatorPx it is obtained

∑
ir,iv

∫

Ω
|Vx | PxPyPzPrPvdV =−(1−αx)V ′

x +αx
Cw
√

π
2

then the expression (23) yields

Φ+
x −Φ−

x = αx ∑
ir ′,iv′

∫

Ω′
m|V ′

x| f−(V ′,Eir ′ ,Eiv′ ,gir ′)(V
′
x +

Cw
√

π
2

)dV ′ .

The calculation ofΦe leads easily to

Φe
x−Φ−

x = ∑
ir ′,iv′

∫

Ω′
m|V ′

x| f−(V ′,Eir ′ ,Eiv′ ,gir ′)(V
′
x +

Cw
√

π
2

)dV ′ .

Consequently we obtained from the relation (19)βx = αx

2.2.2. calculation ofβy andβz

The tangential accommodation coefficient,βy is obtained by substitutingMχ = Vy in the definition relation (19). In
this case it is easily seen thatΦe

y = 0. Then accounting for the property (18) the calculation of expression (23) leads to
βy = αy. Similarly it is foundβz = αz.

2.2.3. calculation ofβr andβv

Now substituteMχ = gir Eir in the relation (19). Accounting for the property (18) it is obtained

∑
ir,iv

∫

Ω
gir Eir PxPyPzPrPvdV = ∑

ir
gir Eir Pr = (1−αr)gir ′Eir ′ +αr

Q∗
r

Qr

where we have noted

Q∗
r = ∑

ir
g2

ir Eir e
−εir .
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Then the expression ofΦ+ leads to

Φ−
Eir
−Φe

Eir
= αr ∑

ir ′,iv′

∫

Ω′
m|V ′

x| f−(V ′,Eir ′ ,Eiv′ ,gir ′)(gir ′Eir ′ −
Q∗

r

Qr
)dV ′ .

Using the expression (25) ofBe, we obtain

∑
ir,iv

∫

Ω
gir Eir BedV =

Q∗
r

Qr

and then

Φ−
Eir
−Φe

Eir
= ∑

ir ′,iv′

∫

Ω′
m|V ′

x| f−(V ′,Eir ′ ,Eiv′ ,gir ′)(gir ′Eir ′ −
Q∗

r

Qr
)dV ′

consequently,βr = αr . In the same way, substitutingMχ = Eiv, it is foundβv = αv. In conclusion, the five parameters
αχ involved in the scattering kernel (17) are the accommodation coefficient corresponding to the five state parameters,
namely the three momentum components and the two internal energy degrees.

3. CONCLUDING REMARKS

Under its factorized form (17), the proposed scattering kernel is easy to use in the analytical calculations or to
implement in numerical modelling, notably because of its simple factorized form where the incoming molecule
parameters appear only through Dirac functions. In order to show its physical meaning, the expression (17) may be
developed. Under its developed form, the scattering kernel appears as a linear combination of32elementary scattering
kernels. All these elementary kernels correspond to various situations of accommodation at the wall [7]. The linear
combination coefficients which represent the weight of the various types of accommodation in the reflection process
are combinations of the factorsαχ and (1−αχ). In each elementary kernel each molecules states accommodates
independently from the others. So the new kernel allows to take into account the interplay between the molecule
freedom degrees when interacting at the wall [8]. Finally, the proposed scattering kernel appears as a complete
construction based on the five accommodation coefficients corresponding to the five microscopic parameters defining
the state of the molecules.

REFERENCES

1. Lord, R. G.,Physic of Fluids, 7, 1159–1161 (1995).
2. Lord, R. G.,Physics of Fluid A, 3, 706–710 (1991).
3. Kuscer, I., “Phenomenology of gas-surface accommodation,” inInternational Symposium on Rarefied Gas Dynamics,

Gottingen, 1974, vol. E1, pp. 1–21.
4. Cercignani, C., Illner, R., and Pulvirenti, M.,The Mathematical Theory of Dilute Gases, Springer-Verlag, 1994.
5. Cercignani, C.,Journal of Statistical Physics, 1, 297–311 (1969).
6. Cercignani, C.,Mathematical Methods in Kinetic Theory, plenum press new york, politecnio di milano italy, 1990, chap. 4,

p. 98, second edn.
7. Dadzie, S. K., and Meolans, J. G.,Journal of Mathematical Physics, 45, 1804–1819 (2004).
8. D.Bruno, Cacciatore, M., Longo, S., and Rutigliano, M.,chemical physics letters, 320, 245–254 (2000).

976


	Welcome Screen
	Previous Proceedings
	Title Page
	Copyright
	Dedication
	Preface
	Local Organizing Committee, Acknowledgment of Support and Sponsorship, Session Chairmen and Paper Reviewers
	International Advisory Committee and Symposia Locations
	Contents
	GENERAL INVITED LECTURES
	From Nice 1958 to Bari 2004: 46 Years of RGD Symposia (Evening Lecture)
	Convergence to Equilibrium: Entropy Production and Hypocoercivity (Harold Grad Lecture)
	Molecular Alignment in Gaseous Expansions and Anisotropy of Intermolecular Forces (Lloyd Thomas Lecture)
	Historical Account and Branching to Rarefied Gas Dynamics of Atomic and Molecular Beams: A Continuing and Fascinating Odyssey Commemorated by Nobel Prizes Awarded to 23 Laureates in Physics and Chemis

	CHAPTER 1: BOLTZMANN AND RELATED EQUATIONS
	On the Quantum Boltzmann Equation (abstract only)
	Kinetic Modelling of a Heterogeneous Dispersed Medium
	Nonlinear Acoustics to Second Order in Knudsen Number without Unphysical Instabilities
	The Discrete Boltzmann Equation: The Regular Plane Model with Four Velocities
	Stability Analysis of a Multigroup Model for the Boltzmann Transport Equations of Carriers and Phonons
	A Reactive BGK-Type Model: Influence of Elastic Collisions and Chemical Interactions
	A Semi-Continuous Boltzmann Equation for Particles with General Dispersion Relations
	A Method of Joint Solution of the Boltzmann and Navier-Stokes Equations
	Generalized Hydrodynamic Equations and the Problem of Boundary Conditions
	Coupling Direct Boltzmann and Continuum Flow Solvers
	Macroscopic Equations for High-Speed Rarefied Monatomic Gas Flows Past Cold Bodies
	Continuous Inverse Kinetic Theory for Incompressible Fluids
	Exact Forms of Representation of Boltzmann Collision Integral as a Divergence of the Flow in Velocity Space
	On One-Dimensional Discrete Velocity Models of the Boltzmann Equation for Mixtures
	On the Application of the Moment Equations to the Thermally Induced Flows
	Theory of Stochastic Transitions in Area Preserving Maps

	CHAPTER 2: INTERNAL FLOWS AND VACUUM SYSTEMS
	Information Preservation (IP) Method in Simulation of Internal Rarefied Gas Flows in MEMS
	Flows of a Binary Mixture of Rarefied Gases between Two Parallel Plates
	Effect of Surface Grooves on the Rarefied Gas Flow between Two Parallel Walls
	Knudsen Compressor Performance at Low Pressures
	Vacuum Pump without a Moving Part Driven by Thermal Edge Flow
	Characterization and Optimization of a Radiantly Driven Multi-Stage Knudsen Compressor
	Statistical Simulation of Thin-Film Bearings
	A New Procedure for Designing Blade Arrangements of a Turbomolecular Pump
	Investigation of Peculiarities of Small Reynolds Number Flows
	Translational Non-equilibrium of a Gas by Flow in Vacuum through the Constant Cross-Section Channel
	Numerical Simulation of Particle Flow Conductance in a Duct under Free-Molecular Conditions
	Condensation of Methanol Vapor onto Its Liquid Film on a Solid Wall behind a Reflected Shock Wave
	Turbulent Thermal Convection over Rough Surfaces
	Numerical Simulations of Blood Flow inside a Mechanical Heart Valve
	Thermodynamic-Model Independence in Numerical Schemes for the Solution of Navier-Stokes Equations
	Application of Nonlinear Dynamics Methods to Rarefied Gas Flows in Channels
	Performance Characteristics of a Disk-Type Drag Pump in the Molecular Transition Region
	Monte Carlo Simulation of Thermal Conduct of Dissociating Nitrogen Gas between Flat Plates

	CHAPTER 3: KINETIC AND TRANSPORT THEORY
	Self-Similar Solutions of the Boltzmann Equation with Elastic and Inelastic Interactions (abstract only)
	On Stationary Solutions to the Linear Boltzmann Equation with Inelastic Granular Collisions
	Instability of the Plane Couette Flow by the Ghost Effect of Infinitesimal Curvature
	On the Rayleigh-Bénard Problem in Rarefied Gases
	Non-equilibrium Effects in Reacting Gas Flows
	Kinetic Theory of Soft Matter: The Penetrable-Sphere Model
	Quasi Equilibrium Knudsen Boundary Layers
	Nonuniform Relaxation Problem for Mixtures and Effects of the Anomalous Heat Transfer
	Transition Regime of Gas-Phase Heat Transfer in Powder Beds
	Light-Induced Heat and Mass Transfer of Rarefied Gas in a Flat Channel
	Radiative Heat Transfer Computations as a Free Molecular Flow Modeling Tool
	The Limiting Behavior of the Broadwell Model: Flow in a Thin Channel

	CHAPTER 4: RAREFIED JETS AND PLUMES
	Unbound Neutral Atmosphere in the Solar System
	Comparison between Navier-Stokes and DSMC Simulations of the Rarefied Gas Flow from Model Cometary Nuclei
	Numerical Simulation of Collision-Induced Dissociation of Large Molecular Ions in Mass-Selective Detector with Atmospheric Pressure Chemical Ionization
	The Free-Jet Expansion of Supercritical CO2 from a Capillary Source
	Experimental Analyses of Flow Field Structures around Clustered Linear Aerospike Nozzles
	DSMC and Navier-Stokes Study of Backflow for Nozzle Plumes Expanding into Vacuum
	Anomalous Inflow into Rarefied Plasma Expansion
	Experimental and Numerical Study of Nozzle Plume Impingement on Spacecraft Surfaces
	Modeling of Vapor Expansion under Pulsed Laser Ablation: Time-of-Flight Data Analysis
	Laser-Induced Plasma in a Water Bubble
	Acceleration Phenomenon of Helium Arc Jet through a Magnetic Nozzle
	Modeling of Argon Condensation in Free-Jet Expansions with the DSMC Method
	Numerical Study of Free Transitional Jets with FCT Limited Scheme
	Three Dimensional Simulation on Deformation of Jet Boundary in an Underexpanded Axisymmetric Jet
	Numerical Simulations of Gas Cloud Expansion in Rarefied Environment
	Particle Rotation Effects in Rarefied Two-Phase Plume Flows
	Time-Resolved Analysis of High-Power-Laser Produced Plasma Expansion in Vacuum
	Stationary Population Inversion in an Expanding Argon Plasma Jet by Helium Puffing
	Solid Rocket Motor Backflow Analysis for CONTOUR Mishap Investigation
	Experimental and Numerical Modeling of Rarefied Gas Flows through Orifices and Short Tubes
	Back Flux for Pulsed Laser Evaporation into Vacuum
	Studies on Impingement Effects of Low Density Jets on Surfaces—Determination of Shear Stress and Normal Pressure

	CHAPTER 5: MONTE CARLO METHODS AND NUMERICAL SOLUTIONS
	Monte Carlo Methods and Numerical Solutions
	A Numerical Study of Taylor-Couette Problem for a Rarefied Gas: Effect of Rotation of the Outer Cylinder
	DSMC Convergence Behavior for Fourier Flow
	Numerical Study of Essentially Unsteady Evaporation
	Evaporation and Condensation Flows of a Vapor-Gas Mixture from or onto the Condensed Phase with an Internal Structure
	Molecular Dynamics Study on the Evaporation Part of the Kinetic Boundary Condition at the Interface between Water and Water Vapor
	A Kinetic Model for Vapor-Liquid Flows
	Half-Space Problem of Weak Evaporation and Condensation of a Binary Mixture of Vapors
	Applicability of the Homogeneous Nucleation Theory to the Condensation in Free Gas Expansions
	Direct Simulation of Ultrafast Detonations in Mixtures
	DSMC Study of Shock-Detachment Process in Hypersonic Chemically Reacting Flow
	Three-Dimensional Rayleigh-Bénard Convection of a Rarefied Gas: DSMC and Navier-Stokes Calculations
	On the Stability of Higher-Order Continuum (HOC) Equations for Hybrid HOC/DSMC Solvers
	The DS2V/3V Program Suite for DSMC Calculations
	DSMC Simulations of Hypersonic Flows and Comparison with Experiments
	Nonlinear Acoustics in Diatomic Gases Using Direct Simulation Monte Carlo
	Development of a General Parallel Three-Dimensional Direct Simulation Monte Carlo Code
	Analysis of Repeated Collisions in the DSMC Method
	Comparison between Time Relaxed Monte Carlo Method and Majorant Frequency Scheme Methods for the Space Homogeneous Boltzmann Equation
	Plane Couette Flow Computations by TRMC and MFS Methods
	Object-Oriented Software Design of Real Gas Effects for the DSMC Method
	Analysis of Numerical Errors in the DSMC Method
	Influence of Boundary Conditions and Chemical Reactions on the Rayleigh-Bénard Convection of a Rarefied Gas Mixture
	A Fast Iterative Synthetic Method for Discrete Velocity Calculations
	On the Accuracy of DSMC Modeling of Rarefied Flows with Real Gas Effects
	Dynamics of Fluid Dynamics Fluctuations by Particle Simulations
	DSMC Simulations of Fourier and Couette Flow: Chapman-Enskog Behavior and Departures Therefrom
	Lattice Boltzmann Method for Phase-Separating Liquid-Vapor Systems
	DSMC Implementation of the Schamberg Model: Comparison with the Maxwell Model
	Unsteady Outflow of the Vapour into Vacuum from the Flat Surface
	Flows of a Vapor due to Phase Change Processes at the Condensed Phases with Temperature Fields as Their Internal Structures
	Hypersonic Flow over a Wedge with a Particle Flux Method
	DSMC Simulation of Non-Uniform Flow Effects behind a Conical Nozzle
	Discrete Velocity Numerical Approach to Strong Evaporation of Graphite
	Simulation of Plane Poiseuille Flow of a Rarefied Gas with an Extended Lattice Boltzmann Method

	CHAPTER 6: DIRECT NUMERICAL SOLUTION OF THE BOLTZMANN EQUATION
	Direct Numerical Solution of the Boltzmann Equation
	DSMC Calculation of Vortex Shedding behind a Flat Plate with a New Intermolecular Collision Scheme
	A Fast Simulation Method with Arbitrary Viscosity Law

	CHAPTER 7: MICROFLOWS
	Comparison between Navier-Stokes and DSMC Calculations for Low Reynolds Number Slip Flow Past a Confined Microsphere
	The Impact of Accommodation Coefficient on Concentric Couette Flow
	Diffusiophoresis of a Spherical Volatile Particle
	Flow of a Rarefied Gas between Parallel and Almost Parallel Plates
	Geometric and Constitutive Dependence of Maxwell/s Velocity Slip Boundary Condition
	A Wall-Function Approach to Incorporating Knudsen-Layer Effects in Gas Micro Flow Simulations
	Carbon Deposition on Blade Surfaces of Laser Microactuator for Optical MEMS
	A Critical Review of the Drag Force on a Sphere in the Transition Flow Regime
	Direct Numerical Simulation of a Forced Micro Couette Flow Using DSMC
	Gaseous Flows in Microchannels
	Application of the DSMC and NS Techniques to the Modeling of a Dense, Low Reynold/s Number MEMS Device
	Hybrid Molecular Dynamics—Monte Carlo Simulations for the Properties of a Dense and Dilute Hard-Sphere Gas in a Microchannel
	Effect of Surface Forces on the Gas Flow in Nanosize Capillaries
	Flow of Gas Mixtures through Micro Channel

	CHAPTER 8: GRANULAR GASES
	Some Aspects of the Boltzmann Equation for a Granular Gas
	DSMC Evaluation of the Navier-Stokes Shear Viscosity of a Granular Fluid
	Impurities in Inelastic Maxwell Models
	Heat Flux in a Vibrated Granular Gas: The Diffusive Heat Conductivity Coefficient
	Green-Kubo Representation of the Viscosity of Granular Gases
	Motion of Nanoparticles in Rarefied Gas Flows
	Rarefied Flow through a Packed Bed of Spheres
	Stochastic Simulation of Thermoemission from Surfaces of Dusty Grains
	Stochastic Simulation of Fluctuation Stage of Phase Transfer on Solid Surface during Thin Film Formation
	A BGK Model for a Mixture of Chemically Reacting Gases

	CHAPTER 9: MOLECULAR BEAMS
	Stereospecific Control by Molecular Orientation
	Simulation of the Parameters of Seeded Molecular Beam
	Crossed Beam Studies of Prototype Insertion Reactions: C(1D)øH2 and N(2D)øH2
	Time Resolved Observation of Multiple Electronic Configurations in the Electronic Relaxation of Isolated Molecules by Photoelectron Imaging
	Development of High Energy Molecular Beam Source Using Small Shock Tube
	Structural Determinations and Dynamics on Floppy Molecular Systems
	Deposition from Supersonic Beams (SuMBE): A Kinetic Approach for Controlling Thin Film Properties

	CHAPTER 10: GAS PHASE MOLECULAR COLLISION DYNAMICS
	Multiscale Modeling of Molecular Collision Dynamics
	Modeling of OH Product Distributions Using QCT-MD and BL Models in a Bow Shock
	Deviations from the Mass Action Law in Non-equilibrium Gas Flows
	Electron-Molecule Collision Cross-Sections for Air Kinetics
	A Comparison of Semiclassical IVR and Exact Quantum Collinear Atom Diatom Transition Probabilities for Mixed Reactive and Non-Reactive Regimes
	Dynamics of Collision-Induced Dissociation of Two Molecules with Ionic Bond

	CHAPTER 11: GAS-SURFACE INTERACTION
	Progress in Gas-Surface Interaction Study
	Atomic Oxygen Recombination and Chemical Energy Accommodation on Alumina at High Temperature
	Out-of-Plane Scattering Distribution of Nitrogen Molecular Beam on Graphite (0001) Surface
	Multiscale Analysis for Gas-Surface Interaction of Hyperthermal SiH4 and Si(100) Surface
	Investigation of Transient Forces Produced by Gases Expelled from Rapidly Heated Surfaces
	Anisotropic Scattering Kernel and Temperature Jump at the Wall
	Scattering Kernel of Polyatomic Gases
	A Silicon Crystal Microbalance for Normal Momentum Transfer Study in a Gas-Surface System
	Analytic Solutions for the Probability of Atomic Surface Recombination as a Function of Surface Parameters
	Behavior of the Reflected Molecules of a Diatomic Gas at a Solid Surface
	Fractal and Statistical Models of Rough Surface Interacting with Rarefied Gas Flow
	Some Approaches for Study of Momentum and Energy Transfer in a Gas/Solids System

	CHAPTER 12: STATE-TO-STATE KINETICS
	H2 State to State Kinetics in Nozzle Expansion
	Behavior of Ro-Vibrationally Excited H2 Molecules and H Atoms in a Plasma Expansion
	Modeling Dissociation-Vibration Coupling with the Macroscopic Chemistry Method
	Experimental Study of Rotational Nonequilibrium in Low Density N2 Jets Using REMPI
	Quantum Molecular Dynamics Simulation of Dissociative Adsorption of H2 /Pt(111)
	A Combined MD Simulation and Experimental Investigation of the O2 Formation on b-quartz at High Temperature
	A Statistical Model for Vibration-Chemical Reaction Interaction in Gas Mixtures
	State-to-State Reaction Rate Coefficients, Distributions, and Gas Dynamics behind Strong Shock Waves
	Vibration-Electronic Kinetics and Radiation in a Non-equilibrium CO Flow behind a Shock Wave
	State-to-State Kinetics and Transport Properties of a Reactive Air Flow near a Re-Entering Body Surface
	Vibrational Populations of the Adlayer in Exoergic Processes at Solid Surfaces
	Kinetic Foundation of Nonextensive Gas Dynamics
	Consideration of the Vibrationally Linked Molecular Dissociation Model Based on the Kinetic Theory
	Vibrational Relaxation/Excitation Collision Model of Diatomic Molecules for Rarefied Gas Flows
	Transport Coefficients of a Single Reactive Gas

	CHAPTER 13: RAREFIED PLASMAS
	Monte Carlo Simulation of Charged Species Kinetics in Non-Equilibrium Gases
	Three-Dimensional Particle Modeling of Plasmas in a Reactor with Multipolar Magnetic Field
	Low Frequency Dynamical Behavior of the Plasma at the Exit Plan of a Hall Effect Thruster
	Geometrical Scaling of Hall Thruster Particle Model
	Modeling of Arc Jet Plasma Flow in Transitional Regime by Navier Stokes and State-to-State Coupling
	Strong Shock-Wave Interaction with an Expanding Plasma Flow: Influence on the CN Molecule Internal Modes
	Monte Carlo Simulation of Isotope Separation Phenomena by DC Discharge as Rarefied Gas Dynamics
	PIC/MC Modeling of Dusty Plasmas
	Measurement of Radial and Axial Neutral Gas Temperature in a Semi-conductor Plasma Reactor
	Hydrogen Plasmas for Negative Ion Production
	Capacitively Coupled Radio Frequency Discharge Plasmas in Hydrogen: Particle Modeling and Negative Ion Kinetics
	Non-equilibrium Vibrational Kinetics in Radiofrequency H2 Plasmas: A Comparison between Theoretical and Experimental Results
	Grid-Free Plasma Simulations Based on Hierarchical Treecode Field Solvers
	Transport of a-ray Generated Ion Clusters in Rarefied Flows
	Modeling of the Arc-Jet Plasma Flow in the SR5 Nozzle Using a Thermochemical Non-equilibrium and a State-to-State Approach
	Numerical Modeling of Hall Thruster

	CHAPTER 14: NON-EQUILIBRIUM PLASMA KINETICS (HYPERSONICS AND SCRAMJETS)
	Weakly Ionized Plasmas in Hypersonics: Fundamental Kinetics and Flight Applications
	DSMC Simulations in Support of the STS-107 Accident Investigation
	Testing Continuum and Non-Continuum Descriptions in High Speed Flows
	Hypersonic Rarefied Flow Simulation Using 2D Unstructured DSMC with Free Stream Condition
	Hypersonic Transversal Flow of Rarefied Gas Mixture Past Infinite Band
	Continuum Approach to Hypersonic Aerodynamics and Heat Transfer Prediction at Low Reynolds Numbers
	Solution of the Boltzmann Equation for Electrons in Laser-Heated Metals
	Evaluating Anisotropy and Thermodynamic Non-equilibrium in Hypersonic Transitional Regime
	Shock Wave Structure for Argon, Helium, and Nitrogen
	Direct Monte Carlo Simulation of the Transverse Supersonic Rarefied Gas Flow Past a Cylinder
	MHD of Aircraft Re-Entry: Limits and Perspectives
	Viscous Effects on Cooled Pitot Tubes in Hypersonic Low Reynolds Number Flows
	Dual-Mode Scramjet Operation at a Mach 5 Flight Enthalpy in a Clean Air Test Facility
	Relativistic Kinetic Theory of Magnetoplasmas
	Canonical Lie-Transform Method in Hamiltonian Gyrokinetics: A New Approach
	Plasma Expansion in Presence of Electric and Magnetic Fields
	Transport Properties of Equilibrium Argon Plasma in a Magnetic Field

	CHAPTER 15: EXPERIMENTAL PROCEDURES IN RGD
	Experimental Aspects of Code Validation in Hypersonic Flows
	Application of PSP to Surface Pressure Measurement in High Knudsen Number Flows
	Planar Laser-Induced Iodine Fluorescence Measurements in Rarefied Hypersonic Flow
	Laser Interferometric Measurement of Shear Stress in Low-Density Flows
	The Experimental Facilities at Laboratoire d/Aérothermique
	ICP Plasma Jet for Target Interaction Studies of O-atoms in O2 and CO2 Supersonic Flows
	An Analysis and Predicting the Efficiency of Atomic Oxygen Recombination and Chemical Energy Accommodation on Heated Silica Surfaces


	Author Index
	Help
	Welcome Screen
	Previous Proceedings
	Title Page
	Copyright
	Dedication
	Preface
	Local Organizing Committee, Acknowledgment of Support and Sponsorship, Session Chairmen and Paper Reviewers
	International Advisory Committee and Symposia Locations
	Contents
	GENERAL INVITED LECTURES
	From Nice 1958 to Bari 2004: 46 Years of RGD Symposia (Evening Lecture)
	Convergence to Equilibrium: Entropy Production and Hypocoercivity (Harold Grad Lecture)
	Molecular Alignment in Gaseous Expansions and Anisotropy of Intermolecular Forces (Lloyd Thomas Lecture)
	Historical Account and Branching to Rarefied Gas Dynamics of Atomic and Molecular Beams: A Continuing and Fascinating Odyssey Commemorated by Nobel Prizes Awarded to 23 Laureates in Physics and Chemis

	CHAPTER 1: BOLTZMANN AND RELATED EQUATIONS
	On the Quantum Boltzmann Equation (abstract only)
	Kinetic Modelling of a Heterogeneous Dispersed Medium
	Nonlinear Acoustics to Second Order in Knudsen Number without Unphysical Instabilities
	The Discrete Boltzmann Equation: The Regular Plane Model with Four Velocities
	Stability Analysis of a Multigroup Model for the Boltzmann Transport Equations of Carriers and Phonons
	A Reactive BGK-Type Model: Influence of Elastic Collisions and Chemical Interactions
	A Semi-Continuous Boltzmann Equation for Particles with General Dispersion Relations
	A Method of Joint Solution of the Boltzmann and Navier-Stokes Equations
	Generalized Hydrodynamic Equations and the Problem of Boundary Conditions
	Coupling Direct Boltzmann and Continuum Flow Solvers
	Macroscopic Equations for High-Speed Rarefied Monatomic Gas Flows Past Cold Bodies
	Continuous Inverse Kinetic Theory for Incompressible Fluids
	Exact Forms of Representation of Boltzmann Collision Integral as a Divergence of the Flow in Velocity Space
	On One-Dimensional Discrete Velocity Models of the Boltzmann Equation for Mixtures
	On the Application of the Moment Equations to the Thermally Induced Flows
	Theory of Stochastic Transitions in Area Preserving Maps

	CHAPTER 2: INTERNAL FLOWS AND VACUUM SYSTEMS
	Information Preservation (IP) Method in Simulation of Internal Rarefied Gas Flows in MEMS
	Flows of a Binary Mixture of Rarefied Gases between Two Parallel Plates
	Effect of Surface Grooves on the Rarefied Gas Flow between Two Parallel Walls
	Knudsen Compressor Performance at Low Pressures
	Vacuum Pump without a Moving Part Driven by Thermal Edge Flow
	Characterization and Optimization of a Radiantly Driven Multi-Stage Knudsen Compressor
	Statistical Simulation of Thin-Film Bearings
	A New Procedure for Designing Blade Arrangements of a Turbomolecular Pump
	Investigation of Peculiarities of Small Reynolds Number Flows
	Translational Non-equilibrium of a Gas by Flow in Vacuum through the Constant Cross-Section Channel
	Numerical Simulation of Particle Flow Conductance in a Duct under Free-Molecular Conditions
	Condensation of Methanol Vapor onto Its Liquid Film on a Solid Wall behind a Reflected Shock Wave
	Turbulent Thermal Convection over Rough Surfaces
	Numerical Simulations of Blood Flow inside a Mechanical Heart Valve
	Thermodynamic-Model Independence in Numerical Schemes for the Solution of Navier-Stokes Equations
	Application of Nonlinear Dynamics Methods to Rarefied Gas Flows in Channels
	Performance Characteristics of a Disk-Type Drag Pump in the Molecular Transition Region
	Monte Carlo Simulation of Thermal Conduct of Dissociating Nitrogen Gas between Flat Plates

	CHAPTER 3: KINETIC AND TRANSPORT THEORY
	Self-Similar Solutions of the Boltzmann Equation with Elastic and Inelastic Interactions (abstract only)
	On Stationary Solutions to the Linear Boltzmann Equation with Inelastic Granular Collisions
	Instability of the Plane Couette Flow by the Ghost Effect of Infinitesimal Curvature
	On the Rayleigh-Bénard Problem in Rarefied Gases
	Non-equilibrium Effects in Reacting Gas Flows
	Kinetic Theory of Soft Matter: The Penetrable-Sphere Model
	Quasi Equilibrium Knudsen Boundary Layers
	Nonuniform Relaxation Problem for Mixtures and Effects of the Anomalous Heat Transfer
	Transition Regime of Gas-Phase Heat Transfer in Powder Beds
	Light-Induced Heat and Mass Transfer of Rarefied Gas in a Flat Channel
	Radiative Heat Transfer Computations as a Free Molecular Flow Modeling Tool
	The Limiting Behavior of the Broadwell Model: Flow in a Thin Channel

	CHAPTER 4: RAREFIED JETS AND PLUMES
	Unbound Neutral Atmosphere in the Solar System
	Comparison between Navier-Stokes and DSMC Simulations of the Rarefied Gas Flow from Model Cometary Nuclei
	Numerical Simulation of Collision-Induced Dissociation of Large Molecular Ions in Mass-Selective Detector with Atmospheric Pressure Chemical Ionization
	The Free-Jet Expansion of Supercritical CO2 from a Capillary Source
	Experimental Analyses of Flow Field Structures around Clustered Linear Aerospike Nozzles
	DSMC and Navier-Stokes Study of Backflow for Nozzle Plumes Expanding into Vacuum
	Anomalous Inflow into Rarefied Plasma Expansion
	Experimental and Numerical Study of Nozzle Plume Impingement on Spacecraft Surfaces
	Modeling of Vapor Expansion under Pulsed Laser Ablation: Time-of-Flight Data Analysis
	Laser-Induced Plasma in a Water Bubble
	Acceleration Phenomenon of Helium Arc Jet through a Magnetic Nozzle
	Modeling of Argon Condensation in Free-Jet Expansions with the DSMC Method
	Numerical Study of Free Transitional Jets with FCT Limited Scheme
	Three Dimensional Simulation on Deformation of Jet Boundary in an Underexpanded Axisymmetric Jet
	Numerical Simulations of Gas Cloud Expansion in Rarefied Environment
	Particle Rotation Effects in Rarefied Two-Phase Plume Flows
	Time-Resolved Analysis of High-Power-Laser Produced Plasma Expansion in Vacuum
	Stationary Population Inversion in an Expanding Argon Plasma Jet by Helium Puffing
	Solid Rocket Motor Backflow Analysis for CONTOUR Mishap Investigation
	Experimental and Numerical Modeling of Rarefied Gas Flows through Orifices and Short Tubes
	Back Flux for Pulsed Laser Evaporation into Vacuum
	Studies on Impingement Effects of Low Density Jets on Surfaces—Determination of Shear Stress and Normal Pressure

	CHAPTER 5: MONTE CARLO METHODS AND NUMERICAL SOLUTIONS
	Monte Carlo Methods and Numerical Solutions
	A Numerical Study of Taylor-Couette Problem for a Rarefied Gas: Effect of Rotation of the Outer Cylinder
	DSMC Convergence Behavior for Fourier Flow
	Numerical Study of Essentially Unsteady Evaporation
	Evaporation and Condensation Flows of a Vapor-Gas Mixture from or onto the Condensed Phase with an Internal Structure
	Molecular Dynamics Study on the Evaporation Part of the Kinetic Boundary Condition at the Interface between Water and Water Vapor
	A Kinetic Model for Vapor-Liquid Flows
	Half-Space Problem of Weak Evaporation and Condensation of a Binary Mixture of Vapors
	Applicability of the Homogeneous Nucleation Theory to the Condensation in Free Gas Expansions
	Direct Simulation of Ultrafast Detonations in Mixtures
	DSMC Study of Shock-Detachment Process in Hypersonic Chemically Reacting Flow
	Three-Dimensional Rayleigh-Bénard Convection of a Rarefied Gas: DSMC and Navier-Stokes Calculations
	On the Stability of Higher-Order Continuum (HOC) Equations for Hybrid HOC/DSMC Solvers
	The DS2V/3V Program Suite for DSMC Calculations
	DSMC Simulations of Hypersonic Flows and Comparison with Experiments
	Nonlinear Acoustics in Diatomic Gases Using Direct Simulation Monte Carlo
	Development of a General Parallel Three-Dimensional Direct Simulation Monte Carlo Code
	Analysis of Repeated Collisions in the DSMC Method
	Comparison between Time Relaxed Monte Carlo Method and Majorant Frequency Scheme Methods for the Space Homogeneous Boltzmann Equation
	Plane Couette Flow Computations by TRMC and MFS Methods
	Object-Oriented Software Design of Real Gas Effects for the DSMC Method
	Analysis of Numerical Errors in the DSMC Method
	Influence of Boundary Conditions and Chemical Reactions on the Rayleigh-Bénard Convection of a Rarefied Gas Mixture
	A Fast Iterative Synthetic Method for Discrete Velocity Calculations
	On the Accuracy of DSMC Modeling of Rarefied Flows with Real Gas Effects
	Dynamics of Fluid Dynamics Fluctuations by Particle Simulations
	DSMC Simulations of Fourier and Couette Flow: Chapman-Enskog Behavior and Departures Therefrom
	Lattice Boltzmann Method for Phase-Separating Liquid-Vapor Systems
	DSMC Implementation of the Schamberg Model: Comparison with the Maxwell Model
	Unsteady Outflow of the Vapour into Vacuum from the Flat Surface
	Flows of a Vapor due to Phase Change Processes at the Condensed Phases with Temperature Fields as Their Internal Structures
	Hypersonic Flow over a Wedge with a Particle Flux Method
	DSMC Simulation of Non-Uniform Flow Effects behind a Conical Nozzle
	Discrete Velocity Numerical Approach to Strong Evaporation of Graphite
	Simulation of Plane Poiseuille Flow of a Rarefied Gas with an Extended Lattice Boltzmann Method

	CHAPTER 6: DIRECT NUMERICAL SOLUTION OF THE BOLTZMANN EQUATION
	Direct Numerical Solution of the Boltzmann Equation
	DSMC Calculation of Vortex Shedding behind a Flat Plate with a New Intermolecular Collision Scheme
	A Fast Simulation Method with Arbitrary Viscosity Law

	CHAPTER 7: MICROFLOWS
	Comparison between Navier-Stokes and DSMC Calculations for Low Reynolds Number Slip Flow Past a Confined Microsphere
	The Impact of Accommodation Coefficient on Concentric Couette Flow
	Diffusiophoresis of a Spherical Volatile Particle
	Flow of a Rarefied Gas between Parallel and Almost Parallel Plates
	Geometric and Constitutive Dependence of Maxwell/s Velocity Slip Boundary Condition
	A Wall-Function Approach to Incorporating Knudsen-Layer Effects in Gas Micro Flow Simulations
	Carbon Deposition on Blade Surfaces of Laser Microactuator for Optical MEMS
	A Critical Review of the Drag Force on a Sphere in the Transition Flow Regime
	Direct Numerical Simulation of a Forced Micro Couette Flow Using DSMC
	Gaseous Flows in Microchannels
	Application of the DSMC and NS Techniques to the Modeling of a Dense, Low Reynold/s Number MEMS Device
	Hybrid Molecular Dynamics—Monte Carlo Simulations for the Properties of a Dense and Dilute Hard-Sphere Gas in a Microchannel
	Effect of Surface Forces on the Gas Flow in Nanosize Capillaries
	Flow of Gas Mixtures through Micro Channel

	CHAPTER 8: GRANULAR GASES
	Some Aspects of the Boltzmann Equation for a Granular Gas
	DSMC Evaluation of the Navier-Stokes Shear Viscosity of a Granular Fluid
	Impurities in Inelastic Maxwell Models
	Heat Flux in a Vibrated Granular Gas: The Diffusive Heat Conductivity Coefficient
	Green-Kubo Representation of the Viscosity of Granular Gases
	Motion of Nanoparticles in Rarefied Gas Flows
	Rarefied Flow through a Packed Bed of Spheres
	Stochastic Simulation of Thermoemission from Surfaces of Dusty Grains
	Stochastic Simulation of Fluctuation Stage of Phase Transfer on Solid Surface during Thin Film Formation
	A BGK Model for a Mixture of Chemically Reacting Gases

	CHAPTER 9: MOLECULAR BEAMS
	Stereospecific Control by Molecular Orientation
	Simulation of the Parameters of Seeded Molecular Beam
	Crossed Beam Studies of Prototype Insertion Reactions: C(1D)øH2 and N(2D)øH2
	Time Resolved Observation of Multiple Electronic Configurations in the Electronic Relaxation of Isolated Molecules by Photoelectron Imaging
	Development of High Energy Molecular Beam Source Using Small Shock Tube
	Structural Determinations and Dynamics on Floppy Molecular Systems
	Deposition from Supersonic Beams (SuMBE): A Kinetic Approach for Controlling Thin Film Properties

	CHAPTER 10: GAS PHASE MOLECULAR COLLISION DYNAMICS
	Multiscale Modeling of Molecular Collision Dynamics
	Modeling of OH Product Distributions Using QCT-MD and BL Models in a Bow Shock
	Deviations from the Mass Action Law in Non-equilibrium Gas Flows
	Electron-Molecule Collision Cross-Sections for Air Kinetics
	A Comparison of Semiclassical IVR and Exact Quantum Collinear Atom Diatom Transition Probabilities for Mixed Reactive and Non-Reactive Regimes
	Dynamics of Collision-Induced Dissociation of Two Molecules with Ionic Bond

	CHAPTER 11: GAS-SURFACE INTERACTION
	Progress in Gas-Surface Interaction Study
	Atomic Oxygen Recombination and Chemical Energy Accommodation on Alumina at High Temperature
	Out-of-Plane Scattering Distribution of Nitrogen Molecular Beam on Graphite (0001) Surface
	Multiscale Analysis for Gas-Surface Interaction of Hyperthermal SiH4 and Si(100) Surface
	Investigation of Transient Forces Produced by Gases Expelled from Rapidly Heated Surfaces
	Anisotropic Scattering Kernel and Temperature Jump at the Wall
	Scattering Kernel of Polyatomic Gases
	A Silicon Crystal Microbalance for Normal Momentum Transfer Study in a Gas-Surface System
	Analytic Solutions for the Probability of Atomic Surface Recombination as a Function of Surface Parameters
	Behavior of the Reflected Molecules of a Diatomic Gas at a Solid Surface
	Fractal and Statistical Models of Rough Surface Interacting with Rarefied Gas Flow
	Some Approaches for Study of Momentum and Energy Transfer in a Gas/Solids System

	CHAPTER 12: STATE-TO-STATE KINETICS
	H2 State to State Kinetics in Nozzle Expansion
	Behavior of Ro-Vibrationally Excited H2 Molecules and H Atoms in a Plasma Expansion
	Modeling Dissociation-Vibration Coupling with the Macroscopic Chemistry Method
	Experimental Study of Rotational Nonequilibrium in Low Density N2 Jets Using REMPI
	Quantum Molecular Dynamics Simulation of Dissociative Adsorption of H2 /Pt(111)
	A Combined MD Simulation and Experimental Investigation of the O2 Formation on b-quartz at High Temperature
	A Statistical Model for Vibration-Chemical Reaction Interaction in Gas Mixtures
	State-to-State Reaction Rate Coefficients, Distributions, and Gas Dynamics behind Strong Shock Waves
	Vibration-Electronic Kinetics and Radiation in a Non-equilibrium CO Flow behind a Shock Wave
	State-to-State Kinetics and Transport Properties of a Reactive Air Flow near a Re-Entering Body Surface
	Vibrational Populations of the Adlayer in Exoergic Processes at Solid Surfaces
	Kinetic Foundation of Nonextensive Gas Dynamics
	Consideration of the Vibrationally Linked Molecular Dissociation Model Based on the Kinetic Theory
	Vibrational Relaxation/Excitation Collision Model of Diatomic Molecules for Rarefied Gas Flows
	Transport Coefficients of a Single Reactive Gas

	CHAPTER 13: RAREFIED PLASMAS
	Monte Carlo Simulation of Charged Species Kinetics in Non-Equilibrium Gases
	Three-Dimensional Particle Modeling of Plasmas in a Reactor with Multipolar Magnetic Field
	Low Frequency Dynamical Behavior of the Plasma at the Exit Plan of a Hall Effect Thruster
	Geometrical Scaling of Hall Thruster Particle Model
	Modeling of Arc Jet Plasma Flow in Transitional Regime by Navier Stokes and State-to-State Coupling
	Strong Shock-Wave Interaction with an Expanding Plasma Flow: Influence on the CN Molecule Internal Modes
	Monte Carlo Simulation of Isotope Separation Phenomena by DC Discharge as Rarefied Gas Dynamics
	PIC/MC Modeling of Dusty Plasmas
	Measurement of Radial and Axial Neutral Gas Temperature in a Semi-conductor Plasma Reactor
	Hydrogen Plasmas for Negative Ion Production
	Capacitively Coupled Radio Frequency Discharge Plasmas in Hydrogen: Particle Modeling and Negative Ion Kinetics
	Non-equilibrium Vibrational Kinetics in Radiofrequency H2 Plasmas: A Comparison between Theoretical and Experimental Results
	Grid-Free Plasma Simulations Based on Hierarchical Treecode Field Solvers
	Transport of a-ray Generated Ion Clusters in Rarefied Flows
	Modeling of the Arc-Jet Plasma Flow in the SR5 Nozzle Using a Thermochemical Non-equilibrium and a State-to-State Approach
	Numerical Modeling of Hall Thruster

	CHAPTER 14: NON-EQUILIBRIUM PLASMA KINETICS (HYPERSONICS AND SCRAMJETS)
	Weakly Ionized Plasmas in Hypersonics: Fundamental Kinetics and Flight Applications
	DSMC Simulations in Support of the STS-107 Accident Investigation
	Testing Continuum and Non-Continuum Descriptions in High Speed Flows
	Hypersonic Rarefied Flow Simulation Using 2D Unstructured DSMC with Free Stream Condition
	Hypersonic Transversal Flow of Rarefied Gas Mixture Past Infinite Band
	Continuum Approach to Hypersonic Aerodynamics and Heat Transfer Prediction at Low Reynolds Numbers
	Solution of the Boltzmann Equation for Electrons in Laser-Heated Metals
	Evaluating Anisotropy and Thermodynamic Non-equilibrium in Hypersonic Transitional Regime
	Shock Wave Structure for Argon, Helium, and Nitrogen
	Direct Monte Carlo Simulation of the Transverse Supersonic Rarefied Gas Flow Past a Cylinder
	MHD of Aircraft Re-Entry: Limits and Perspectives
	Viscous Effects on Cooled Pitot Tubes in Hypersonic Low Reynolds Number Flows
	Dual-Mode Scramjet Operation at a Mach 5 Flight Enthalpy in a Clean Air Test Facility
	Relativistic Kinetic Theory of Magnetoplasmas
	Canonical Lie-Transform Method in Hamiltonian Gyrokinetics: A New Approach
	Plasma Expansion in Presence of Electric and Magnetic Fields
	Transport Properties of Equilibrium Argon Plasma in a Magnetic Field

	CHAPTER 15: EXPERIMENTAL PROCEDURES IN RGD
	Experimental Aspects of Code Validation in Hypersonic Flows
	Application of PSP to Surface Pressure Measurement in High Knudsen Number Flows
	Planar Laser-Induced Iodine Fluorescence Measurements in Rarefied Hypersonic Flow
	Laser Interferometric Measurement of Shear Stress in Low-Density Flows
	The Experimental Facilities at Laboratoire d/Aérothermique
	ICP Plasma Jet for Target Interaction Studies of O-atoms in O2 and CO2 Supersonic Flows
	An Analysis and Predicting the Efficiency of Atomic Oxygen Recombination and Chemical Energy Accommodation on Heated Silica Surfaces


	Author Index
	Help

	copyright: 


